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Neptune formation is not well knewn

Core accretion model cannot form
ice giants like Uranus and Neptune
at their current positions due to low
density of planetesimals and slow
evolution in these orbits
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Uranus/Neptune formed in the
Jupiter-Saturn region and migrated
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Neptune should have moved
23AU->30AU to explain orbit of

plutinos which are TNO in 2:3
resonance with Neptune.
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Neptune formation is not well known

They can move by the exchange of orbital angular
momentum with planetesimals,

When Jupiter and Saturn pass 1:2 mean-motion

resonance they gravitationally scattered Uranus and
Neptune outwards to their current position




Discovered exoplanets (M -a/a
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Discovered exoplanets (M -a/a
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planetary microlensing

Source
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Observer
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Time scale: t,~M"2~1day(M,)

Amplification
200

Sensitive to Cold planets
outside of snowline (~3a

snow) 4349

JD—2450000
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MOA (since 1995) 4 - QA

(Microlensing Observation in Astrophysics
( New Zealand/Mt. John Observatory, Latitude : 44°S, Alt:  1029m

Mirror : 1.8m
CCD :80M pix.
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Qbservatlon by MOA mQA

50 deg.?(20Mstars)

obs./night-(>M )
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ht§p://www.massey.ac.nz/~iabond/alert/alert.html




MOA-2013-BLG-605 Ilght curve

(OGLE-2013- BLG-1835)
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| MOA alert, Aug 30

OGLE alert, Sep 25
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Lens geometry & Caustics
q=3x10"*
s=2.3

source size
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Finite source and x (Rp)
Parallax are detected




OGLE CMD & source radius

m RCG

® Source

Source: K2 subgiant

0.=1.8uas
6.=0.48mas




Finite Source Effects & Microlensing
Parallax Yield Lens System Mass

6. :source star angular radius
D, and Ds:lens and source distances

Angular Einstein radius 6.=6./p

lens

(Effect of Earth’s orbital motion)
Einstein radius projected to Observer
RE
source—_ Earth




4 degenerate Parallax solutions

Small parallax:

M, =0.16+0.05M
M,=18+5Mg,

a =4.6_, ,**~AU

Large parallax:
M, =0.06+£0.01Mg
M,=6.611.0Mg
a =2.2,,"13AU




4 degenerate Parallax solutions

l Small parallax:
il M.=0.16+0.05M
W) 1 =18+5M,

lla =4.6, ,"~AU

H Large parallax:
l M, =0.06+0.01M
i M =6.6+1.0M
o a =2.2,,3AU




Small parallax (M-dwarf+Neptune) is
more likely by Galactic model

hkehhood

Small parallax:

‘ | ‘ 2x more likely Mh:O]_GiOOSM@
, M, =18+5M,,
. 1 ‘

a =4.6_, ,**~AU

3-4x more likely ’

Pal

Large parallax:
M, =0.06+£0.01Mg
M,=6.611.0Mg
a =2.2,,"13AU




Discovered exoplanets (M -a)
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Detection efficiency [seimnary

o Efficiency of MB13605 is
~1/15 smaller than s~ 1
where 8 planets detected

neptunes at a~10a_
may be as common as

at a~3a_,




Microlensing exoplanet search
by WFIRST

D: 2.4m
FOV:0.281deg.2
A<2um
15min cadence

W TR T

Wide-Field Infra-K ed Survey Telescope

0.1 05 1
Semi-major axis in AU

®-3000 bound" exoplanets with ~2000w/ M <1 Mg,
®-2000 Free-floating planets with ~100 w/ M <1 M




Summary

* MOA-2013-BLG—-605Lb is the first

Neptune analog
* neptunes at a~10a___ could be as

SNOW

common as ones at a~3a__

* Distribution of exo—neptunes is
Important to understand the
formation of Neptune

can constrain the models.




